Rapid microbial detection model system in UHT milk products using poly(L-Lactic Acid) (PLLA) thin film by Nurul Hidayah Yusof, et al.
Sains Malaysiana 47(11)(2018): 2677–2683 
http://dx.doi.org/10.17576/jsm-2018-4711-10 
Rapid Microbial Detection Model System in UHT Milk Products 
using Poly(L-Lactic Acid) (PLLA) Thin Film 
(Sistem Pengesanan Mikrob Model Pantas di dalam Produk Susu UHT 
menggunakan Filem Nipis (PLLA) Poli (Asid L-Laktik))
NURUL HIDAYAH YUSOF, NORRAKIAH ABDULLAH SANI, FARAH HANNAN ANUAR, 
MOHD SUZEREN JAMIL & SAIFUL IRWAN ZUBAIRI*
ABSTRACT
Ultra-high temperature is a process that involves heating of milk to a very high temperature to produce sterile milk products. 
However, food poisoning due to consumption of UHT milk still happen in Malaysia. This study was done to develop a 
film that is made by poly(L-lactic acid) (PLLA) to detect the presence of microorganisms in UHT milk products. UHT milk 
that was used in this study was full cream milk. Contaminated milk that contained Bacillus cereus was made to conduct 
a model system on the relationship between colony forming unit of microorganisms and contact angle. Contaminated 
milk was also used as a control sample to study the difference of milk properties between fresh and contaminated milk. 
Physicochemical analysis (Brix, colour, pH and contact angle) and microbiological analysis (total plate count) were 
done to UHT milk sample as soon as the packaging of the milk was unsealed. Analysis was done with 30 min time interval 
until 4 h and 30 min since the unsealing of packaging. The results showed that presence of microorganisms in UHT milk 
was detected after the milk product was unsealed and exposed to environment for 3 h and 30 min. Contact angle resulted 
from the presence of microorganisms in UHT milk was 64.34 - 65.44° with its colony forming unit, 2.1 – 3.9 cfu/mL. 
Therefore, the potential usage of contact angle on PLLA thin film with respect to colony forming unit (cfu) in detecting 
the presence of microorganisms in UHT milk product was attained and well modelled. 
Keywords: Contact angle; microorganisms; PLLA; spoilage indicator; UHT milk
ABSTRAK
Rawatan suhu ultra-tinggi merupakan proses yang melibatkan pemanasan susu kepada suhu yang amat tinggi bagi 
menghasilkan produk susu yang steril. Walau bagaimanapun, keracunan makanan akibat pengambilan susu UHT 
masih berlaku di Malaysia. Kajian ini dijalankan untuk membangunkan satu filem yang diperbuat daripada PLLA bagi 
mengesan kehadiran mikroorganisma dalam produk susu UHT. Susu UHT yang digunakan dalam kajian ini adalah 
susu krim penuh. Susu terkontaminasi yang mempunyai Bacillus cereus dihasilkan untuk menjalankan sistem model 
berkenaan hubungan antara unit pembentukan koloni mikroorganisma dengan sudut sentuh. Susu terkontaminasi juga 
digunakan sebagai sampel kawalan untuk mengkaji perbezaan sifat susu bagi susu segar dengan susu terkontaminasi. 
Analisis fizikokimia (Brix, warna dan sudut sentuh) dan analisis mikrobiologi (hitungan piring jumlah) dijalankan ke 
atas sampel susu UHT sebaik sahaja selepas pembungkusan susu dibuka. Analisis dijalankan dengan sela masa 30 min 
sehingga selepas empat jam dan 30 min pembungkusan dibuka. Keputusan menunjukkan kehadiran mikroorganisma 
dalam susu UHT dikesan selepas produk susu dibuka dan didedahkan kepada persekitaran selama tiga jam dan 30 min. 
Sudut sentuh yang dihasilkan akibat kehadiran mikroorganisma dalam produk susu UHT adalah 64.34 - 65.44° dengan 
unit pembentukan koloni, 2.1 - 3.9 cfu/mL. Oleh yang demikian, potensi penggunaan sudut sentuh pada permukaan 
filem nipis PLLA terhadap unit pembentukan koloni dalam pengesanan mikroorganisma di dalam produk susu UHT telah 
diperoleh dan dimodelkan dengan berkesan.
Kata kunci: Indikasi kerosakan; mikroorganisma; PLLA; sudut sentuh; susu UHT 
INTRODUCTION
According to Food Act 1983 (2015), ultra-high 
temperature (UHT) milk is milk that has been heated 
with temperature not less than 135ºC for at least 2 s to 
make it commercially sterile. Tamime (2009) stated that 
contamination in UHT milk may happen due to two factors 
which are survival of heat resistant spore-forming bacteria 
and contamination after processing. In 2011, there were 
97 food poisoning cases that was said due to UHT milk 
consumption from Program Susu 1Malaysia (PS1M). The 
milk was supplied by Dutch Lady Milk Industries Berhad 
(KKM 2012). Based on the laboratory test, there was B. 
cereus and its toxins in the milk (Yusmawati 2011). This is 
not surprising since Bacillus spp. is a pathogenic bacteria 
species that has been always related to contamination of 
UHT milk (Forschino et al. 1990; Luck et al. 1978; Skladal 
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et al. 1993). Following this incidence, rapid detection 
is needed to prevent this problem in the future. Rapid 
detection should take less than 8 h (Cox et al. 1978) or 
enable to give results as soon as the test is done (Wang 
2015). Moreover, rapid detection should be sensitive to 
ensure low count of microorganisms can be detected as 
well (Wang 2015). Poly(L-lactic acid) (PLLA) is a polymer 
that is commonly used to produce hydrophobic surfaces 
and has the potential in substrate cell growth and cell 
engineering (Sousa et al. 2011; Tsuji et al. 1988). Based on 
the past studies, bacterial strains were able to colonize on 
PLLA surface (Sousa et al. 2011). Hence, a study on rapid 
microbial detection in UHT milk using thin film PLLA was 
carried out to indicate food spoilage on UHT milk via rapid 
detection. In this study, simplified experimental setup was 
used to measure contact angle of UHT milk sample on PLLA 
thin film surfaces. In addition, contact angle measurement 
was used to study the wetting properties in solid (PLLA)/
liquid (milk) interaction whereby the components in 
microorganisms contributes to hydrophobicity of a cell 
surface thus plays an important role in the attachment 
to, or detachment from a surface (Che Johari et al. 
2017; Krasowska & Sigler 2014; Zubairi et al. 2016).
For that reason, the presence of microorganisms in milk 
are somehow affected the surface tension of the milk 
and hence, may cause changes in its contact angle. This 
study had two objectives which were to study the profile 
of colony forming unit of microorganisms in UHT milk 
with different time interval and to study the relationship 
between wetting of thin film PLLA and colony forming 
unit of microorganisms. 
MATERIALS AND METHODS
MAKING OF CONTAMINATED UHT MILK
MIC (Minimal Inhibitory Concentration) test (Coyle 2015) 
was used to make contaminated milk. Bacillus cereus strain 
used in this study was ATCC11778. One loop of the strain 
was added into tryptone soya broth (TSB) and incubated at 
30°C for 18 to 24 h. One loop of the bacterial culture was 
then streaked onto a nutrient agar to obtain a single colony 
of B. cereus. The single colony was then transferred into 
10 mL of distilled water and compared with McFarland 
0.5 standard. Microplate reading was also done on the 
B. cereus solution produced. This was to ensure that the 
colony forming unit of the bacterial solution was 1.5 cfu/
mL and hence, complied with the standard. To make the 
contaminated UHT milk, 1 mL of B. cereus solution was 
added into 9 mL of milk in test tube. The colony forming 
unit of B. cereus in milk would be 1.5 cfu/mL. 
PREPARATION FOR FRESH UHT MILK PRIOR EXPERIMENT
UHT milk sample used in this study was Dutch Lady’s Pure 
Farm Full Cream Milk. The sample was bought on the day 
of experiment and kept it cool to ensure its freshness. As 
soon as the packaging of the milk was unsealed, the milk 
was transferred into five 100 mL Schott bottles with equal 
volume which represented five different analyses. The 
bottles were left uncapped for 4 h and 30 min. 
FABRICATION OF THIN FILM PLLA
The method used was adopted from a research by Ab 
Kadir et al. (2017, 2016) and Ili Afiqa (2017). 1 g of PLLA 
powder was weighed and added into 100 mL chloroform 
in a Schott bottle. The solution was then heated at 60°C 
and stirred by using magnetic stirrer with speed 100 rpm/
min until PLLA was fully dissolved. PLLA solution was then 
transferred into two Petri dishes with equal volume. Petri 
dishes were then left in desiccator overnight to let it dry. 
PLLA film was then formed and cut into micro slide size. 
The film was then glued onto micro slide.
MODEL SYSTEM
Serial dilution was done on contaminated milk, which was 
originally had 107 cfu/mL of B. cereus until dilution  101 to 
produce 1.5 × 101 cfu/mL colony counts of bacteria at the 
end of dilution. Contact angle of milk for each dilution was 
then measured by using Simplified Experimental Setup.
PHYSICOCHEMICAL ANALYSIS
Physicochemical analysis was done on both fresh and 
contaminated milk. Analyses that were done in this study 
were Brix, colour, pH and contact angle (Ramlan et al. 
2018, 2017). Brix analysis was done by using Master 
refractometer (Master - 53a, Japan). Minolta Colorimeter, 
chromameter model (CR 400, Japan) was used for colour 
analysis by using Hunter Lab method. pH was measured 
using professional benchtop pH meter (BP3001). 
Calibration was done beforehand by measuring solution of 
pH4 (acid), pH7 (neutral) and pH9 (alkaline). Contact angle 
was measured by using Simplified Experimental Setup 
(Zubairi et al. 2015a, 2015b). All analyses were done with 
30 min time interval which was as soon as the packaging of 
the milk was unsealed until the milk product was unsealed 
and exposed to environment for 4 h and 30 min. 
MICROBIOLOGICAL ANALYSIS
Microbiological analysis was done on fresh milk with 30 
min time interval which was as soon as the packaging of 
the milk was unsealed until the milk product was unsealed 
and exposed to environment for 4 h and 30 min. Total plate 
count was done using 3M™ Petrifilm™ Aerobic Count 
Plates. Serial dilution of milk was done until dilution of 
10–2. 1 mL of milk for each dilution was inoculated on 
petrifilm and incubated at 30 ± 1°C for 48 h. 
STATISTICAL ANALYSIS
Minitab version 17 (Minitab Inc., Sydney, Australia) and 
IBM SPSS Statistics version 23 (IBM Corporation, New York, 
United States) were used to analyse data. One-way ANOVA 
and Fischer test were done to compare the mean difference 
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with confidence interval 95% (p<0.05). Coefficient of 
determination, R2 and Pearson correlation, r were done to 
measure the strength of relationship between variables in 
this study.
RESULTS AND DISCUSSION
Table 1 shows the result for model system. Model system 
was done to study the relationship between colony forming 
unit of microorganisms and contact angle. For the first 
three dilutions, 107 to 105, contact angle of milk was 
found to be decreased without any significant difference 
(p>0.05). This shows that reduction of colony forming 
unit of microorganisms did not give a huge impact on 
contact angle of milk on PLLA film. Jones et al. (1996) 
stated that contact angle depends on bacterial attachment 
to substratum. Hence, reduction of bacterial attachment on 
PLLA from dilution until had happened due to reduction 
of colony forming unit of microorganisms. Less bacterial 
attachment caused the contact angle to decrease as well. 
As shown in Figure 1 and Table 2, regression analysis 
was showing a R² of 0.74 in which about 74% of variance 
in contact angle was explained by serial dilution. Also, 
Pearson’s r for the correlation between contact angle and 
serial dilution was 0.80 which was very close to 1. Thus, 
FIGURE 1. Contact angle for each dilution of contaminated 
milk. is the coefficient of determination which represents 
the proportion of the variance in contact angle was                 
explained by serial dilution
TABLE 1. Contact angle for each dilution of contaminated milk
Dilution/colony forming 
unit (cfu/mL)
Contact angle, 
ϑ (°)
 107
106
105
104
103
102
101
100
59.60 ± 121bc
59.28 ± 231bc
54.79 ±  6.37c
62.60 ± 1.07b
70.66 ± 2.94a
71.71 ± 4.23a
70.94 ± 0.57a
72.05 ± 0.86a
Results shown were means ± S.D. in triplicate (n=3). a-c Mean with different letters 
indicate significant difference (p<0.05)
TABLE 2. Coefficient of determination, R2 and Pearson 
correlation on strength of the linear relationship between          
serial dilution and contact angle
Serial dilution
Coefficient of determination,  R2 Contact angle 0.75
Pearson correlation, r Contact angle 0.80
there is a strong positive affiliation between contact angle 
and serial dilution. 
 Contact angle of UHT milk with 30 min time interval 
is shown in Table 3. There was significant difference 
between contact angle of control sample and fresh milk 
at the beginning of experiment, 0:00 (p<0.05). However, 
at 1:30 and 2:30, no significant differences were detected 
between contact angle of control sample and fresh milk. 
Moreover, starting from 1:30, the contact angle of fresh 
milk began to exceed the contact angle of control sample 
which was contaminated milk. Hence, based on this 
analysis, probably UHT milk began to experience spoilage 
after 1 h and 30 min since its packaging was unsealed and 
exposed to environment. Microbiological analysis was 
done to ensure whether the spoilage was caused by the 
presence of microorganisms in milk sample. 
TABLE 3. Contact angle of UHT milk                             
with 30 min time interval 
Time (h) Contact angle (°)
0:00 (control)
0:00
0:30
1:00
1:30
2:00
2:30
3:00
3:30
4:00
4:30
59.60 ± 1.21c
53.19 ± 0.88e 
53.27 ± 1.11e
56.12 ± 1.26d
60.49 ± 0.44c
60.71 ± 0.24c
60.84 ± 0.21c
62.43 ± 0.91b
64.34 ± 0.47a
64.20 ± 0.42a
65.44 ± 1.10a
Results shown were means ± S.D. in triplicate (n=3). a-e Mean with 
different letters indicate significant difference (p<0.05)
 Figure 2 shows Brix measurement of UHT milk 
with 30 min time interval. It was found that the Brix 
values of UHT milk and control sample was significant 
(p<0.05). However, Brix values of UHT milk were constant 
throughout the experiment. Hence, it could be assumed that 
there were no changes of total solids in UHT milk. 
 Next, Figure 3 shows the results for colour measurement 
in terms of lightness (L*) of UHT milk with 30 min time 
interval. The lightness of fresh UHT milk was increasing 
significantly across time except at time 2:30 and 3:00 
(p>0.05) and all L* values of fresh milk were significant 
with control sample which had the lowest L* value 
(p<0.05). The results for colour measurement in terms of 
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yellow intensity are shown in Figure 4. It was found that 
the yellow intensity of fresh UHT milk at all times were 
significant with control sample (p<0.05). The b* values 
of fresh milk kept increasing until 2:30 and it began to 
decrease at 3:00 and 3:30 significantly (p<0.05), though the 
b* values were found to increase again at 4:00 till the end 
of experiment. Kneifel et al. (1992) stated that an increase 
in psychometric chrome (b*) can be as an indicator for 
milk spoilage during storage, especially spoilage which 
is not caused by enzyme. This kind of spoilage is known 
as Maillard reaction. 
 Figure 5 shows the pH values of fresh UHT milk with 30 
min time interval and it was found that the pH of fresh milk 
at the beginning of the experiment, 0:00 was the lowest and 
not only significant with pH of fresh milk at other times, 
but also with control sample (p<0.05). Overall, pH readings 
of fresh milk kept fluctuating throughout the experiment. A 
decrease of pH was found at 2:00 and 4:30. According to 
Berg and van Boekel (1994), a decrease in pH may happen 
due to Maillard reaction due to formation of formic acid 
during intermediate stage. However, as stated by Sunds et 
al. (2017), intermediate stage of Maillard reaction requires 
high temperature like 40 - 50°C to occur. This study was 
only done at room temperature which was 27 ± 0.3°C. 
FIGURE 3. Colour (L*) measurement of UHT milk with 30 min 
time interval. Results shown were means ± S.D. in triplicate 
(n = 3). a-j Mean with different letters indicate significant 
difference (p<0.05)
FIGURE 4. Colour (b*) measurement of UHT milk with 30 min 
time interval. Results shown were means ± S.D. in triplicate 
(n = 3). a-f Mean with different letters indicate significant 
difference (p<0.05)
FIGURE 5. pH measurement of UHT milk with 30 min time 
interval. Results shown were means ± S.D. in triplicate 
(n = 3). a-c Mean with different letters indicate significant 
difference (p<0.05)
FIGURE 2. Brix measurement of UHT milk with 30 min time 
interval. Results shown were means ± S.D. in triplicate (n = 3). a-b 
Mean with different letters indicate significant difference (p<0.05)
 The results for microbiological analysis are shown 
in Table 4. Based on the analysis, the presence of 
microorganisms in milk sample was detected only at 
3:30 and increased significantly till the end of experiment 
(p<0.05). That means the high value of contact angle at 
1:30 was not caused by presence of microorganisms in 
milk sample. Based on those past studies by Handojo 
et al. (2009) and Michalski et al. (1997), it could be 
concluded that the attraction between milk droplets and 
the surface of PLLA film decreased over time. On the 
contrary, the intermolecular forces in milk increased over 
time. At 1:30 and above, the intermolecular forces in 
milk started to exceed the strength of attraction between 
milk droplets and surface of PLLA film. This situation had 
caused the milk droplets on PLLA film to become more 
rounded on the surface, hence causing the contact angle 
to increase. Meanwhile, there was significant difference 
between contact angle of milk between before and after 
microorganisms were present. This proves that the 
presence of microorganisms also affected the values of 
contact angle of UHT milk on PLLA film. However, there 
was insignificant difference of contact angle of milk 
between 3:30 and 4:30 although colony forming unit of 
microorganisms in milk sample increased significantly 
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till the end of experiment. This shows that PLLA has 
the ability to detect the presence of microorganisms in 
milk, though it is less sensitive to colony forming unit of 
microorganisms. 
 In this study, as shown in Table 5, relationship 
between variables was also determined by using 
coefficient of determination, R2 and Pearson correlation, 
r. With these two regression analyses, the strength of 
relationship and correlation between contact angle and 
other variables (Brix, colour, pH and colony forming 
unit) can determined. Based on Table 5, the strength of 
relationship between contact angle and colony forming 
unit is the highest (R2 = 0.341, r = 0.574). 34% of variance 
in contact angle was explained by colony forming unit 
and since its Pearson’s r is quite close to 1, it can be 
concluded that there is a strong relationship between these 
two variables. This means that changes in colony forming 
unit are strongly correlated with changes in contact angle. 
The second variable which has strong relationship with 
contact angle is colour (L*) (R2 = 0.3293, r = 0.566), 
followed by colour (b*) (R2 = 0.1137, r = 0.331), pH (R2 
= 0.1122, r = 0.294) and Brix (R2 = 0.0014, r = 0.036). 
Pearson’s r for relationship between Brix and contact 
angle is close to 0, hence it can be concluded that there is 
a weak relationship between these two variables. Overall, 
Pearson’s r for all relationship is positive which indicates 
positive relationship (Fazil et al. 2016). As one variable 
increases in value, the second variable also increases in 
value. 
 The wettability analysis of the contaminated milk 
on PLLA thin film and indicator of contamination by 
microorganisms in UHT milk are shown in Table 6 and 
Figure 6A, respectively. The images of milk droplets on 
PLLA film at 0:00 and 3:30 as well as the contaminated 
milk are shown in Figure 6B(i), Figure 6B(ii) and Figure 
6B(iii), respectively. 
CONCLUSION
The presence of microorganisms in UHT milk had caused 
a few physicochemical changes in the milk which were an 
increase in lightness, a decrease in yellow intensity and 
an increase in contact angle significantly. Colony forming 
unit of microorganisms with 30 min time interval had been 
studied. Presence of microorganisms in milk happened 
after the milk was unsealed and exposed to environment 
with temperature 27 ± 0.3°C and relative humidity as 
much as 73 ± 1% for 3 h and 30 min. The colony forming 
unit of microorganisms at that time was 2.1 cfu/mL and 
increased significantly across time. The relationship 
between wetting of thin film PLLA and colony forming unit 
of microorganisms had been studied as well. The presence 
of microorganisms in milk at 3:30 with its colony forming 
unit, 2.1 cfu/mL had caused the contact angle of milk on 
PLLA film to be 64.34°. Based on regression analyses, 
colony forming unit of microorganisms is correlated to 
contact angle. However, it was found that there was no 
significant difference of contact angle from 3:30 till 4:30 
although the colony forming unit of microorganisms in 
milk was found to be increased significantly across those 
times. This shows that PLLA was less sensitive to colony 
count of microorganisms. As a conclusion, PLLA thin film 
can be used to detect the presence of microorganisms in 
UHT milk product, though it is less sensitive to the colony 
count of the microorganisms. 
TABLE 4. Microbiological analysis of UHT milk 
with 30 min time interval 
Time (h) Colony count (cfu/mL)
0:00 - 3:00 <1.0 × 100a
3:30 2.1 × 103a
4:00 3.0 × 104b
4:30 3.9 × 104c
Results shown were means ± S.D. in triplicate (n = 3). a-c Mean with different letters 
indicate significant difference (p<0.05)
TABLE 5. Coefficient of determination and Pearson correlation on strength of relationship between Brix, colour (L*), colour (b*), 
pH, colony forming unit of microorganisms and contact angle
Brix Colour (L*) Colour (b*) pH Colony forming unit
Coefficient of determination, R2 Contact angle 0.001 0.33 0.11 0.11 0.34
Pearson correlation, r Contact angle 0.036 0.57 0.33 0.30 0.62
TABLE 6. Contact angle, output and wetting of UHT milk on PLLA film
Time (h)
Output Diameter of 
circle indicator 
(cm)
Range of contact 
angle (θ)
Range of 
Brix (°Bx) Range of colour (L*)
Range of 
colour (b*)
Range of 
pH
Colony count 
(cfu/mL)
0:00 – 3:00 53.19 –62.43° 12.5 83.76 – 84.17 8.52 – 8.92 6.82 – 6.84 <1.0 × 100 0.7 ± 0.05a
3:30 – 4:30 64.34 – 65.44° 12.5 84.27 – 84.39 8.77 – 8.99 6.83 – 6.84 2.1 × 103  – 3.9 × 104 0.5 ± 0.05b
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